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MINING PRACTICES, METHODS, AND costs AT 
MINE NO. 4& OF THE MARQUETTE RANGE, MIcHIGANL 


“By We We Grafte 
- TNTRoDUCTION 


. his paper describing the mining practices at Mine No. 4 on the Marquette 
range, Michigan, is one of a series of articles on mining methods and practices 
in various mining districts in the United States. — 


Mine No. 4 is located in the Swanzy district, in the southern end of. 
the Marquette range, about 3 miles from Gwinn, Mich. The Swanzy district is an 
isolated ore—bearing formation, and Mine No. 4 is at the extreme southeastern 
ende M 
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The Swanzy ‘district 1 was discovered’ ‘bout ‘1867 in sece 18, Te. 40 N. Re 
zo We, where the ore formation outcropped along the Escanaba River. Early mining 
was confined to open-pit operations, and later the contimation of the ore body 
was explored and-mined through shafts and underground workings. ‘The first ore 
Shipment was made in 1872, and with the exception of 7 years out of a total of 
57, anmal.shipments have been made from the district. Up to about 1905 mining 
cperations were conducted’ on a small scale and were confined to two mines in the 
immediate vicinity of the original workings. Between 1903 and 1908 the district 
was extensively explored by diamond drilling over an area about three-quarters 
of a mile wide by 5 miles long southeast of the open pits, and several ore bodies 
were discovered. 


Maine Noe 4 was discovered in 1906 by diamond drilling. Two concrete 
shafts were sunk and anchored in the ledge in 1911 and 1912. Wo further work was 
done until 1913, when sinking was resumed, but after both shafts were sunk several 
hundred feet work was again stopped on account of the uncertain business outlook. 


1 - The Bureau of Mines will welcome qeorintine of this paper, provided the 
following footnote acknowlecgment is used: _ ee peanher from U. S. Buream of 
Mines Information Ciréular 6390." 

2- One of the consulting engineers, -U. S. Bureau of Mines. 
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Sinking was resumed in 1917, four levels were developed, and mining was carried 
on until 1920, when all operations were again suspended due to the large over- 
production of iron-ore.after- the war, ‘the mine was.unwatered and reopened in 
1928, one of the shafts was decpened, and the fifth Level’ was developed. ‘The 
7 total aaa of ae ae to guraged 4, 1930, amounted to 409, a tOonse 


-n 


GEOLOGY _— 

The Statue distriét consists: as a einen of uwoper Huronian rocks, 
pitching to the southeast, bounded except on the southeast by Archean granite. 
The ores are in the Bijild irombearing mémber, which is interbedded with the 
lower part of the Michigamme slate. The ores occur as.an enrichment in the 
ferruginous slates. re re 


: The ore et ‘Miné No. 4'°is a semihbfrd hematite, whereas in all the other 
mines in the district it'is a ‘soft hematite. The ore body has ‘a northwest and 
southeast strike and dips southwest on an angle of about 45°. ‘the strike and. 
dip are, on the whole, quite regular; the thickness of the ure ranges from 10 to 
60 feet. It thickins td 60 feet in about the: center of the deposit end greatly 
decreases. in thickness toward both ends af the ‘deposit. The hanging and fcote 
Walls aré slate, the latter lying on the arkoses There are usually seams of 
jasper between the ore and the over and underlying slates, ranging from 5 to 2 
feet in thickness. ‘The deposit is. covered with 100 feet of overburden. 


PHYSICAL CHARACTERISTICS OF ORE AND INGLOSING ROCKS 


a The ore ‘is a semihard ‘hematite : “containing ° ‘an umusual amoant of lime and 
magnesia with low silica content, averaging in 1929, 58.90 iron (dried), 0.090 
phosphorus, 4.00 silica, 1.76 alumi mn, 0.329 manganese, 5.50 lime, 1.884 magr- 
sium, 0.520 sulphur, 4.30 loss, and 12.00 moisture. It has an unusually good 
physical structure. It is readily drilled and stands well on exposure to air. 
The few rock seams that ‘aré found in the ore body ave large enough in nearly all 
cases to be left in‘place. The hanging slates and jesper are not usually affect- 
ed by exposure to the air, but as a precaution about 2 feet of ore:is left on the 
hanging wall as a protection against possible slabbing end contamination of the 
broken ore. On the lower levels there is an ‘extremely hard ‘seam of cherty jasper 
about 25 feet in thickness in‘ the hanging wall, with 10 feet of ‘slate and jasper 
between it and the ore ‘body. 


| - SHIPPING PACILITIZS 
The mine is served by two railroads a is 35 miles from Presque Isle 
docks near Marquette on Lake Superior and 40 miles from Escanaba on Laks Michigan. 
ced ei shipped: by rail to doth points and thence by water to the lower lakes 
POTvSe | | “a : es 
-amtuops: OF PROSPEOTIIIG- AD EXPLORATION 


| “he first etploration Was 5 by: vertical @iamond-drill holes from the sur 
face, and after the mine was ‘opened some further ‘drilling was done underground 
to determine the lateral , and vertical | extent, of the ore body at depth, At the 
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Figure |.-Plan of shaft, mine No. 4, Marquette Range 
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present time plans are being made to explore and develop below the bottom (5th) 
level by an incline shaft in the ore body, which can also be used for handling 
_ the ore if development does not justify sinking the main poseeaee eae 


or ey 


~)' =" yemops OF SAMPLING AND ESTIMATING TONNAGE AND WAUES 


Only one grade of ore is now produced. ‘The samoling follows the stan- 
dard method adopted by the Lake Superior mining companies and is described in 
"The Iron Ores of Lake Superior" by. Crowell & Murray, ‘Ines, 192%. On the surface 
a “sample | from each skip hoisted determines the daily output... Underground sam 
_ Ples ara ‘taken at the shaft fromthe top of cars, one scoop forthe stdépe sample 
‘and ‘one ‘for the level sample. Where the analysis. of a stope remains unifom the 
stope samples are only taken occasionally for-a check, and the level sample 
alone is taken daily. A standard scoop 13 by 2¢ by 3% in size is used and is 
filled from two places on the ton of a 4~ton care 

: The regularity of the ‘ore make s watamabion of avatvanis tonnage com 
“pasdtivery simple. The width and thickness of the ore body ‘are known, and the 
ore estimatd is made by volume, assuming 12 cubic feet of ore in place equals 
1 ton. Above the 4th level 60 per cent of the ore is considered available and 
* 40 per cent unavailable, the latter being left in pillars for support. Below 
hes bad level only 50 per cent of the ore is ponesdored: available. 


tse oe 6 = ¢ 
s : e 


a _.. METHOD. oF DEVELOPMENT 

oe <i | mins’ is developéd from. oo ‘vertical ‘shafts 950 feet apart,- located 
ahi the footwall, and by five levels,-spaced 100 feet apart, the first level being 
560: feet below the shart collar. , The 100 feet of overburden consists of water- 
bearing sands ‘and gravel... Qoncréte.caisgons were sunk.to the ledge and anchored. 
Practically all of the watar at ledge :was sealed off by grouting under pressure. 
The shafts are similar in design and are ‘10, foot 10. inch by 11 foot 1 inch inside 
timbers. Each shaft is “equipped. with a ‘cage and skip in balance, the third com- 
partment being used for pipe and ladderroad. The cage road is 6-feet by 10 feet 
10 inches, and the slip road is 4 feet 3 inches by 5 Pet l inch. Figure 1 shows 
the shaft plan. 3 | et . 


LEVELS 

‘The - madzt rock arifts are about 8 by 8 feat in site ad are “ane iebened 

- except where soft seams are encountered in the slate. {he main level. drifts in 
the’ ore are: 16 by'10 feet in size to provide room-for timber. ‘he round of!oles 
used in mainmlevet' drifting is shown in Figure 1. As the ore body: is..narrow each 
level is developed by one drift in the ore along the footwall, with oné-or mére 
crofscuts to the hanging wall. _ The chutes ee the stopes are: located. on’ the: foot 
wall side of the drift. , | , 


_ UNDERGROYND. ‘TRANSPORTATI oN 


Electric = 4s used in the mine, ‘eonatatine of 6-ton bois ey Foeos 
motives with 4~ton saddle-back cars in trains of five to seven. ‘The track gage 


s 30 inches with 40~lb. rail, and Noe 2 figure-ceight — wire oo _— to 
Leave a peecromn of 6 feet 6 inches abpve weil. : 1 
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The skips have a’ capacity of 65 cubic feet and hold 4 tons of ore. ‘Ths 
ere is dumped directly into the skip from motor cars, as the lump ore does not 
haridle well in storage pockets. _ a 

STOPIYG 

The ore is mined by a combined ‘shrinkage stope and supporting pillar 
system. The stopes.are 20 to 25 feet wide, with intervening pillars 15 to 25 
feet in thickness, depending on the thickness of the cre. Raises 6 by 6 feet are 
put up close to the foot’ from one level to the next above, at 4 or 50 foot 
centers, depending on the width of pjllars. Small sublevel connecting drifts 
are driven between these raises, 35 to 50: feet. apart on the slope. Two perma~ 
nent traveling roads are put wo through pillars near.each end of the ore body; 
they also are connected to the stopes-by. the sublevel drifts and help ventilation 
When the raises in the center line of the stones have holed to the level above — 
air lines and ladder. roads are brought down: from the upper. level, and stoping 
4s commenced just above the chute on tho level ‘below. ‘The stope.is widened out 
_to the hanging wall, cOning.uo at 45° from the tow of thé clmte. After the stove 
‘has been opened out to the hanging wall it- 1s théen widened: to its full width 
(20 to 25 feet) on the strike. of. the oré: body:.'-:The direction of drilling opera- 
tions is then reversed and :the ore stoped: toward the hanging wall. ‘The ore is 
broken by: overhand stoping, using water~drill machines 3% inches in size and 
weighing about 125 pounds each. «. fen-foot bars. 24 inches in diameter are used for 
mounting the drills in the stopes. Ina stope 25 feet wide six holes are drilled 
from .10."to 14 feet.in depth with.a 4.to 6 foot burddn, depending on the hardness 
Of the ground. Thess holes are inclined. slightly woward for ease in cleaning. 
in the wide part of the ore body at least: three‘and “‘semetimes four-rounds of 


- holes are drilled ‘before. the hanging wall’is encountered. he miners regulate 


- the amount of ore drawn out of the stopes so that they are always within-10 to 
15 feet of the badk;: this renders it easy to watch the back and keep it trimmed. 
This work is further aided by the use of flood lights on extension cords which 
can be hung on the ladders at any convenient .point.:: Approximately 33 1/3 per cent 
of the. broken ore ‘is drarn from. the stopes as they advance to provide sufficient 
working headroom. Access to the stone is obtained from the ladder-roads extend- 
ing down from the level above and by the connecting crosscuts through the pillars. 
The general plan of the raises, crosscuts, and various stages of stoping are 
ehown in Figures 2 and 3. After a stope is finished to the level abore the ore 
is drawn off as needed. ‘While the’ ore is being taken fromthe stoépe the connect~ 
ing drifts through the pillars are. widened and the corners of the pillars rounded 
off. _ The dip of the ore body is too flat forall the-oré to be drawn out by 
. gravity, so that it 1s neoessaiy to install ‘scraper hoists to clean the fine ore 
off the foot. Ten-hp. electric and Gehp. air units with a 42-inch manganese hoe 
scraper are: used. A small drift is driven just above the level along the hanging 
wall, and oppasite each stope an onening is made in which the scraner hoist is 
placed. Jlood lighting is used to illuminate the stopes while the scraping is in 
progress. Mining is doné by contracts of two men each, and one contract per raise 
and stope. 
oe a : ia ey sae .: : y aie ae loge POS ; 

In the upper part'-of the mine the étdpes were planned so that above the 
4th and 2d levels they come up under the pillars left on the 3d and 1st levels. 
There is some ore left to vrotect' the levels; this ore is considered available 
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Figure 2.- A, Section through stops, showing use of scrapers for handling broken ore; 
Of mining and position of raise end connecting drifts i ore; B, section through stope, 
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and will be scranmed toward the end of the life of the mine. The ore outcrops 
at ledge, but owing to the saturated condition of the overburden the stoves are 
only carried up to within 250 feet of the too of the ore. ‘The ore body at the 
top of these stopes is comparatively thin, being not more than 20 feet in thick 
ness at its widest point, so that this amount of solid ground above the stcpes | 
and the strength of the hanging wall ss ore pillars preclude all possibility 
of caving to the surfaces 


ADVANTAGES OF MINING METHOD USED 


yd 
0 chee pe oem as Ge 
moe Ome 


: The method of mining used in Mine No. 4 has. many +: emia The men 
are always working under the hanging wall, where loose, ground can tt readily de- 
tected. The connection of the raises with the level ‘above and the connecting 
sublevels. give easy and safe access to the stopés at all. times." A winimim of ~ . 
stocking ‘room on surface is required, as the broken ore can be left underground © 
until shipments start from pockets. A a eee small. crew of men is re~- | 
quaree for mining and handijng the ore. 


VENTILATION 


Natural ventilation is used throughout the mine, and the open stopes 
and the two shafts provide good circulation at all times. Doors aré used to 
divert the air currents as dasired and to control the amount of air entering the 
mine. During the winter months it is necessary to cover the tops of the shafts 
and also to close the air doors between the shafts when not penne to eee 
the accumlation of ics. 


FIRE BnentDS AND SAFETY WORK 


There is only a small fire cea in the mine, as little timber is used. 
The" timber ing is confined to the footwall drift on the main levels, no timber 
being-used in the stopes. ‘The greatest hazard is at the shaft plots, which are. . 
timbered, and in the shafts, WWich are lined with wood sets and lath. The shafts - 
are quite wet, and great care is given to the electric wiring on shaft- plots; © 
they are also kept clean of refuse at all times. The water column is tapped on 
each level so that water is available at all times in case of fire. 


A great deal of attention is given to the safety of the mene In the 
stopes the backs are carefully examined daily by the mining captain and bosses, 
and all loose ground is barred down before drilling is started. ‘The stopes are 
well lighted in order that no loose ground will be overlooked. Ladder roads and 
manways are protected by railings. All electrical installations conform to safety 
rules and régulations and are carefully guarded against short circuiting. ‘the 
mine has an umusually good record for safety, as it has operated over 540 days 
without a lost~time accident. Standards governing the operation of motor haulage, 
mining, and all installations have been adopted and are rigidly enforced. Clean- 
liness and light are required in the mine and on surface, and discipline is ex- 
céllent. This safety record would not have been possible without the full coopera- 
tion of all employees. 
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7 MINING COSTS 
- Table 1, ~ Summary of conte ae ee ae | 


Name or number of mine: Mine No. 4, Marquette: county, Miche Period coveréd : 
Year, 1929. | 
Tons ore hoisted during period: 117,224 Mining: po thods _Shrinings stoping. 


Underground costs orton of ore hoi sed 


1. 2 3 per 6 3 5 
| '  Compressed- Pay, ds, x | 
ae air Grills rows? ‘Explose. 2.) Other. 


Development: a | - 


“Now level (in ore) $0-126 $0,011 $0,029 - | $0,048 “$0.002, -$0s021 $0,207 
Mining 470.041. 150 100 012124 B97 
Transportation . a | 
-- (underground) ‘156 .009 * $02039- ge e025 - 229 
_ General, underground - te me , Bee, | . | 
expense 0037 =6.002 :—. te re — e020. .059 


Surface expense 
(directly appli-~ 


cable to under- ieee | ae: 
ground meee 2010 } | 3 - 010 
; - Total. peated 2° 099+ 063 0179 40396 148 ‘014 0190 1.432 


Tr os Wining’ ischee wearbhah, in aes on account of leaving 35 per abl of broken 
_' OFe in eeeeee gerbe of 
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Name or mumber of mine: Mine No. 4,: Marquette County, Miche Period covered: 

Year 1929. . 7 © - Seshedeh eer ahs ONG, + P= fe SS et a inne eee anne aed dae 
Tons ore mined and hoisted: 117, 224. 
Mining method: Shrinkage. stoping. 


A. Labor (mamhours per ton ~ Development { stoping) Total 
Breaking (Drilling and Blasting) | 0.084  0.473.; -0.557- 
ae Timbering - : ee SE og 2036 Mer icaaied . e036 
Mucking (scraping) © 086 0126 e212 
-Haulage and hoisting. . . a 049 0245 «e804 - 
| Supervision | Saad a Se eQ09 «045 2054 
Genéral .. | 010  _,022° 032 
Total labor unde rzround 2 elk | e911 1.185 
Avg. Tons per man per ehift = su>facel . pote ee LO BS 
Avg. Tons per man per shift ~ underground= 6.75 
_ Avg. Tons per man per shift ~ surface and es. re BOS 
Scr per: cent of total cost a ae 59.8% ; 
135 er paces of ore broken left underground. 
Be. Power and siplies 
Baploairay ibs. per ton) — O67 10a 
. ‘divid and grade) Extra A Gele + tp0c04 
Timber (uint ft. per ton of ore) 0068 — -0068 
Total power (Kw.h. per ton) o he ed eB 
(1) Air compressors... i th OO Bene ge Oe a BE» we BeeO 
(2) Hoisting 1.82 
(5) Mispetlaneous ep gO 
Total power Kw.h. per ton “ot 18-88 
Ce Per cent of total cost 22200 78.00 100.00 
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Table 3. ~ Detail of costs in units of labor, power, and supplies 


Devezooment =~ 2 oe 


Drifting Crosscutting | Raising 


Size of excavation: 


Main levels — rock drift 8x8 ft. : “ORB tte ef oe 
Main levels ~ ore drift 10x10 ft © lOx10 ft . 6x6h 
Timbered or not | 10 by 10 ft. ore drifts, timbered: Not. tine 


8 by 8 fte rock drifts & 6 by 6 ft. - 
ore raises, not timbered 


Physical properties of ore | Semihard 
Ae Labor (mamhours per foot): Main leyel — Ore and rock 
“drifting 
Breaking (drilling and blasting) 1055 =" 
Mucking 2-83 
Haulage and hoisting 1-20 
Supervision yn 
Total labor 7.72 
Feet per 8&hour man-shift | . 1204 
Be Power and supplies (per foot): 
Explosives (lbs. per ft.) in large drifts * 2.2 
C. Percentage of total cost 
Labor | 75.4 
Supplies 2406 


NN ne mn ee i el 


P 


Va 
STOPE & 
: \ wha 
N \\ . DRAW 
s\\ 
+ 


\ 


XW 


\\ Es 
A\ \\ 


\ 


PL 
FOUNDED OF. 


\\\ 


StO CommveécTing DRIFT 


EI OF 


Hwan cre Fl 


A prenaoes VENUE 


\\ 


CONNECTING ORIFT 


= C:0==- Yor _—- SQ A : 


J 


ee ag 
oe AUN 
APGR SLiOE \ 


‘Seca 


Figure 3 .— Projection of stopes on foot wall, showing development by drifts and raises and 


progress‘of mining in stopes 
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